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SPECIFICATION 

MuMpHcation seheme using cohimn eompressore 



Background of thelnventlon »^„^,«wHtaital data orocessing systems and more partlculariy ^ 

5 Thlslnventlonrelatestofunctlonaicom|»nent8for(^^gto^^^ 

foran arithmetlcdevice for perfomiing high speed muUM^^ 

The speed at which calculations may be P^^""^^^** ""'"^^^Sti^^^ typically requiring a 
Thisneedisampiifiedwhenthecompuj^^^^^^^^^^ 

large nuinberofrteraUonsto be performed duri^^^^ 10 
same time. i^*k^«« arithmetic devices Is more complicated than addition, the speed 

have wherein the two opera"ds were manlpulat^so^^^^^ multipllwtion wherein a continuous 
squaring functions followed by a subtraction; P'Pj J* was performed on each 25 

26L.mloperandswasfedintoapaJcue^^^^^^ 

pair of operands on successive ope««onal circles y'" , g„ed required of the sub ect invention. 
Sthese schemes. however pro«dedamult^ierw^^^ 

A.D.Bocthpublished"ASiflnedB.narv^^^^^^ 

Z 1951. which has become known « l^Kgorithm provides for a uniform shift method which » 
SOfastermultiplIersthanpravlou^^^^ 

s&ra«^^ 

the Unear Algebra area of m»*ematlM. compression in IBM Technical Disclosure 

40 s. Singh and R Waxman havetaught a Multiply Using Adders For Multiple 

BuTletin.U U. NO. I.June 197yTartl«JP~^^^ 
Additions." However, the circuit taught by Singh et al is senai 

**JSi?rsd^Snow,howeverisenevenfastermuKipilcationdrcuKti,ancun^^ 45 

56 monolithic I8rge8cale,lntegratedarcuitry. 

Summary of the Invention in a hiah soeed, parallel operation, multiplication circuit 

The objeetWes of this invention are achieved "^jn speeo. pa^ ^ integrated circuitry, 
which may beimpiementedincurrantmodelogfc^o^^^ 

60 A multiplier multiplexor '"^Y 'J^J^^S'^^^^^ number of binary ones In tiie 

multiplicand wherein the number of rows in the 8^^^^ 

oTe»r.lSLl^™^^ 

esTincompressormayoperateuponthearrayofpartialproductstocompr^^ 



55 



60 
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successively smaller arrays, reducing the number of rows until only two rows remain. Compression may be 
achieved for each column, and concurrently with the other columns. 
A carry-look ahead adder may operate upon the remaining two rows to provide the complete product. 

c Description of the Drawings . ^„ ^ 

The advantages, principles of operation and special features of this Invention may be readily understood 
from a reading of the following detailed description of the invention In conjunction with the accompanying 
drawings in which like numerals refer to like elements and In which: 
Figure 1 1s a circuit diagram of an 8 bit x 8 bit multiplication circuit embodymg the mventon. 
10 f4ure 2 presents a circuit diagram of a single multiplication multiplexor shown in broken^representation 
as to duplication of Identical elements, a plurality of which multiplication multiplexors are found In the circuit 

°*HgunL a 3A and 3B comprise a circuit diagram of a single column compressor, a plurality of which 
column compressors ere found in the circuit of Hgure 1 . 

15 

Detailed Description of the Invention ^ ^ i^^t^ 

A hlflh-speed binary multiplication circuit is implemented in median scale Integration current mode logic. 
An unsigned Integer multiplication circuit. Figure 1 , for handling an eight bit multiplier 108 and an eight bit 
binary multiplicand 106 is Implemented on two LC. chips. The multiplication scheme of this Invention 

on operates to obtain a final product 110 In essentially two operations. In the first operation, a 8®^°^ addends is 
obtained, being the partial products of the eight bit multiplier 1 08 and the eight bit multiplicand 108. In the 
second operation the set of addends Is reduced to a sum equaling the final product 110. Product 110 is a 
sixteen bit binary numt)er. j i 

The numerical partial product set (matrix array) is generated In a partial product array comprising four 

OR Identical multiplier multiplexor components 101, 102, 103, 104of a type available from Burroughs 

Corporation, part number ECML-2M31 . Figure 1 shows the partial product array operatmg upon eight bit 
multiplicand 1 06 represented by Xo through X7, wherein Xo is the least significant bit; and an eight bit 
multiplier 108 represented by Yo through Y7, wherein Yo is the least significant bit 
Each of the multiplier multiplexors 101, 102, 103, 104 generates two-times, one-times, or zero-timesthe 

on multiplicand 106, in true or complemented form corresponding to the value of the particular three bits of 
multiplier 108 or its Inputs "Y-1 "YO" and "Y1" Inputs. The additional input ' F controls the 
Tmplementatlon of the multiplicand 106 so that each multiplier multiplexor (MM) 101, 102, 103 and 104 may 
woVk in either the positive (where "P" input = 0) or negative ("P" - 1 ) logic. The Truth TableJ below defines 
the output (as labeled Pq, Pi Pe) from each of the multiplier multiplexors 101, 102, 103 and 104f6r or given 

35 Input signals on its "Y-1," YO" and "Yl" input terminals. 
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WHERE: 

BS P.°(P gO(.)(Y1Y 0Y-1 + Y1Y^=7l + (Pi®Xm)Y1Y0Y;1 

+ Y1Y0Y-1 

Pe = (PQXt) (y7^Y-1 + YIYOT^ ijn YOY-1) + (P©X,} 
(Y1W7=^ + Yim-1 + Y1Y0Y-1) + Y1Y0Y-1 

60 



6S 



60 



Looking to the partial product array (IVIIV1 101-104) interconnection, Rgure 1. each multiplier multiplexor 
101. 102. 103, 104 is connected for operating in parallel and has its "X," input terminal connected in common 
to the Xo bit of the multiplicand 106; Its "Xi" input terminal connected in common to the X, Wt<» me 
es multiplicand 108; Its "Xj" input temiinal connected In common to the X2brtofthe multiplicand 106; Its 
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connectedtotheY,bftoftheir^^^^^^^ ,03 and 104 ere fed directly Into the inputs of eight 

The outputs frorn the n,ult.pMer r,^ult p^ 

column compressor components "J "J " Jj^^ Each of the column compressors (CC) 

"Soc." "S^D." ''DS.";;OC/' '^S/• wd"EC/' _ .... „8 and its "C" input connected to the Po output 

connected to the "Soe' input of CC "6, the °^"V° of CC 1 1 4, the "Snc" output of CC 1 14 is connected 
outputofMM102.the''C,'Mnputl8ConnectedtotheP2OUtput^^^ P 

»l«,ll.tW»ll»P=ouyutriMM^^ 

T:tCi:rc??r62tiKn^ 

MI«103.the"C,'MnputistiedtotheP8OUtpm^^ 
55the"Do"Jnputistiodtothep60UtputofMM104.the Oj mpuiwHcutv 

input istiedtothePaOutputof MM 101. «„,MMifM while the "Ci" Input l8 tied to the Pa output of 

The''Co'MnputofCC117istiedtoth8P60utputofMM^ 
MM mthe"C,'Mnputl8tied to the Psoutput of MM W^^^ 

output of MM 101. ^^♦^♦u^D «.itniitiiffMM104.whilethe"Co''tnputlsconneciedtothe 
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"A ""R ""A, ""Bi""A^ ""B2/' and "Ci" While having outputs labeled So, Si, Szr J^^^ 
gTieoutp'^utsXArU'slVSconnec^ 5 

SSslal carry look generator. ALU 120. Rgure 1, has Its •'C'"j"P"»~r"ff ^'^^^"f 'S iS/'i " 
^TnSed to the "Soc" output of CC 1 1 1, Its "B," input connected to the "DS" output of CC lll^ts A, , q 

1 0 f"""** Trf "DC" outDut of CC 1 1 1 . the "B," Input connected to the "ES" output of CC 1 1 1 , the 

ThX''oSutofALU120lsconnectedtothe"C,'MnputofALU«^ 
connect?dlSre''C,'MnputofAUJ122.andthe"Co''outputofALU122connectedtothe InputofALU 

^^"?he"Ao"inputofALU121isconnectedtothe"DC''outputofCC112.whlle^^^^^^ 
thi"ES^ouiScC112,the"A,"inputisconnectedto 

rnTSSnn^Sd^othe^^^^^^^^^ 

««w «*io"R-"innnt is connected to the "DS" output of CC 116. ^ j 26 

totJe^s'^oJS of CCnKe "A/Mnput is connected to the "E^ 

Srn«StSS"DS"outputofCC1^ 

?Si^toL'ls"oVto^ 

bit^thTprSduct 110. The"S/' output of ALU120l8theP,^ 

outputof ALU "OarethePjandPa bitsoftheproductl10,re8perth.eJ^^ - "S, ""S."and 

outouts of ALU 121 are the P4, Ps, Pe. and P, bits of the product 1 10, resjwctlvely/rhe So. Sj. and 

,,"S"oiput8ofALU122aretheP,.Ps.P,oandP„bits^^ ^' ^ 3S 

%nd "Sa-' outputs of ALU 123 are the P,2. P,„ P,4, and P,s respectively, bits o|the p^du^ 1 1J 
is^ted above, the multipHermultiplexor section implements Booth'sAlgorrth.™^ 

onapX«Jof8blnaiy number to be represented asadiffeience of two numbers^ 
thatmuWplier 108 is given in the fdrn»: 



40 a-i ^ 

y^jl . Y^.^Vg....Vo Then T can b« «pr«.«nt«« 



n-l 



Ij* O n-l n-l 

45 



the difference Y « U-V, U 



^0 



50 wfhere u, -|y. - yi-i.|»yi " Vi-^<°' "n" 
0 othenwise; and v, =|yi - Yi-i|tf Yi " Y*-i « 



40 



45 



50 



andOotheiwise. .,.«ho«f9t«dasY-1000000000 - 0000000100.Thu8a«trlnflof 

°I,™Wp«<i"dXlrtl»«.mpl.*|».^wtb.^ 
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TABLE II 
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Add 2 times multiplicand to partial product 
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Subtract 2 times multiplicand from partial product 
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Subtract multiplicand from partial product 
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Subtract zero from partial- product 
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1 Figure 
'and a 2S 



28 2.Rflure28howsMM101toh8veinputtJ^mrouBn 

"Yl." 88 welt asthe "P" «"P"t*°r «^ of circuitryfor handling 

labeled P, through P.. This '""'|'P"f„'"2^rau«S?Jo^ rSreSJy interconnections with a break away 
the plurality of Inputs in parallel and as such "fl"^^;'™^" ^^^^^ mput bits "Xj" through "X," and 
portion of that part of the circuitry directly ,?r!r"X^ " Jnd '^^^^ is an inverter 30 

30 SioutputblUPathroughPs-Connectedtoeachd*^^ 
drhrerhavli^anlnvertedinputandanmvertedoutp^^^^^^ 

to the portion of the circuitry shown in Rgure 2. input X J '^^^^^ ^ - ,3 

whlleL"Xo'Mnputlseonn8«ed^to*e.^^^^^^ 

connected to the nverted Input of a tlwrd dnver zoj, inpui a6 i» <^ 

NAND gates 21 0. 21 1 j^^J^^J'S J^^^^^^^^ are i^nnected to the driver 204. and 

gates 214, 21 5 are connected to the dnver 203, nmw l^Jrtz^f.,f.rs -.tes 21 0 through 219 has an 
RANDgate8 218,219areco,jnectedto*edrive|^ 

invertedanda nonnVivertedUomplemen^ 

dfi 204. and 205 are each connected to an inverted Input '^P'^ ^ ,04 and 205 are each 
m^7and219.respectively.Thenon-invert^^^^^ 

connected to an Inverted input °* ^^f '"^2S!?t? J^e^^^^^^^ ^ates 210. 212. 214. 

Inverted output from the driver ^OOwconrwrtedto a seMno m^^^^ Input of the 

216, and 218, wHae the non-inverted output from the drWer 206 is conneciea xo ^ 
50 gates211.213,215.217arid219. 226, and 227 are connected In parallel to the 

Seven inverted Input NAND fl«^»»^ll222. 223. 224, KS^ connected to a first Inverted 

output of the drivers 207, 208, and 2M^e nonjnve^^^^^ 
input to the gates 221.222, end 223.^mvertedo^^^^^^ 

inJuttothegates224,226.226and227 ThenonHnve^^^^^ 55 
65 8econdlnvertedinputtothegates22 , 224 8^^^^^^^^ 

connectedto a second inverting input on the ^22. 2». zze ana outputfrom 
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the gate 232, while the non-inverting output from the gate 212 is connected to a first inverting input to the 

gate 234 and a first Inverting Input of the gate 237. The non-inverting output from the gate 213 is connected 

to a first inverting input of the gate 234 and a first Inverting input of the gate 237. 
The inverting output from the gates 214 and 215 are connected In common and to a first inverting Input of 
5 the gate 238 as v/ell as to an additional gate out of Rgure 2. The non-inverting output from the gate 214 Is 5 

connected to a first inverting input of the gate 239 as well as to an additional gate out of the figure. The 

non-Inverting output from the gate 21 5 is connected to a second Inverting Input of the gate 239 as well as to 

an additional gate out of the figure. 
The inverting output from the gates 216 and 217 are connected in common to a first Inverting Input of the 
1 0 gate 243 as well as a first inverting input of the gate 24a The non-inverting output from the gate 216 is 10 

connected to a first inverting Input of the gate 244 and a first inverting input of the gate 247. The 

non-inverting output from the gate 217 Is connected to a second Inverting Input of the gate 244 and a second 

inverting input ofthe gate 247. 
Gates 218 and 219 have their inverting inputs tied in together and to a first inverting input of the gate 248 
1 5 and a first Inverting input of each ofthe gates 251 and 253. The non-inverting output from the gate 21 8 is 15 

connected to a first inverting Input of the gate 249 and a first Inverting Input of each of the gates 252 and 254. 

The non-Inverting output from the gate 21 9 Is connected to a first inverting input of the gate 249 as well as a 

second Inverting Input of each ofthe gates 249 and 252 and a second inverting input of the gates 254. 
The inverting output from the gate 221 Is connected to a third inverting input ofthe gate 232, as well as to 
20 each of a third inverting input of the gate 237, an inverting input of the gate 242, an Inverting input of the gate 20 

247, and an inverting Input of the gate 252. as well as, an inverting input of corresponding gates out of the 

The inverting output from the gates 222 and 224 is connected together and to a second inverting Input of 
each of the gates 233, 238, 243, 248, as well as gate 253 and corresponding gates out of the figure. 

25 The inverting output from the gates 223 and 225 are connected In common to a third Inverting Input of 25 
each ofthe gates 234, 237, 244, 249 and 254, as well as conesponding gates out of figure. The inverting 
output from the gate 226 is connected to a second inverting input of each ofthe gates 231, 236, 241, 246 and 
261 as well as corresponding gates out of the figure. The Inverting output from the gate 227 is tied to an 
inverting Input of each of the gates 235, 240, 245, 250 and 255, as well as corresponding gates out of the 

30 figure. 

The gates 231 , 232, 233, 234, and 235 have their inverting outputs connected in common and to an 
inverting input of a driver 261. The Inverting output from each ofthe gates 236, 237, 238, 239 and 240 are 
connected in common to an inverting input of a driver 262. The inverting output from each of the gates 241 , 
242 243, 244 and 245 are connected in common to an inverting input of a drhrer 263; while the Inverting 

35 output from each ofthe gates 246, 247, 248, 249 and 250 are connected in common and to an Inverting input 35 
of a driver 264; and the inverting outputs from each of the gates 251, 252, 253, 254, and 255 are tied together 
and to an inverting Input of a driver 265. The drivers 261 , 262, 263, 264, and 265 each have Inverting outputs 
and have corresponding counter parts for the circuitry out of the figure. The inverting output from the driver 
261 forms the most significant bit po out of the multiplier multiplexor circuit; while the inverting output from 

40 the driver 262 is the output bit pz; the inverting output from the driver 263 forms the output bit ps; the 40 
inverting output from the driver 264 fonns the output bit p?; and the inverting output from the driver 265 
forms the output bit pa. Output bits pa, Pa, P4. and ps they are accounted for from similar circuitry out of the 

^ Thecolumn compressors 111 through 118 of Rgure 1 are each identically constructed as shown In detail In 
45 Rgures 3A, and 3B. CC 1 1 1 through 1 1 8 operate In parallel to perfonn a manipulation similar to the following 45 
explanation which includes an illustration In Table III. 

The avoidance of excessive carry-propagation time Is implemented by column compression where carries 
are not allowed to propagate until the very last moment Assuming that the sum of 6 numbers is to be ^ 
calculated. This partial product array may, as an illustration, be represented by the array in Section "a" ofthe ^ 

^^Multiple addition as Implemented by column compression Is achieved by summing Independently along 
each column. I.e. counting the number of Vs in column. Since each column's sum is up to 7, the binary result 
Is contained In three bits as shown in Section "b" of the Table III. As an example, the third least significant 
bif s column contains six I's, These Vs are added up and expressed in binary form, on a diagonal line 

55 beginning from the bottom upwardly to the right, ending directly under the third most significant column of 55 
Section "a." Here a binary "1 10" Is written equaling 6. Similariy the number of ones In each ofthe other 
columns Is added and written binarily on a diagonal. A second reduced "arra/' is written In Section "b" of 
the Table III as a three-rowan-ay. ^ , ^. ^ u 

This operation Is perfomied again and again until the array is reduced to only two rows which can be 

60 operated upon by a simple adder component With the Illustration of Table III the very next reduction 
produces a two-row array. Section "c." A simple addition provides the output Section "d." 
(112+143+60+198+255+100+30-898) 
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Acircult diagram Showing thed««..edd«u.t^^^^^^^ 
116J16.117,8nd118l8showninFJ,u^83^^ 
25compre88or8.CC111.Aplurall^oflnvert^ngoirt^^^^ 
oftheCC111and8reconnec^ed.^onee8^^^^^^^^ 

"C," "C^" ' Y' Yn^TL^ut S^SlSs an i^^^^^^ Column compressor 111 Input "D," 
Inverting output and a non-.nvert ng output M^^^^^ 

Is connected to the Input of the dnver 301 ; wh le t^^^^^ 

30 the ''D,'Mnput Is tied tothe Input ofdri^^^^^^^^ 

"Di" input is connected to the input of driver 3M, he Q« nput s ^ 

"0 "input IS connected tome Inpuurfdri^^^^ 

35 drlver313: andthe-Ce" input istiedto^^^^^ 

The inverting output of driver301 is connertedi^^^^^ 

Referring to Rgure3B tl,e drive« 308^^ 

rur3srs;is;e.^^^^ 

addltlonalgate8350,35p52.363.354 355and^^^^^ S5 
55 Asvrfththelnltlalbankofgaea320through326^^^^^ 

second bank of like fl^rtei;' "ij^'"**;" P«?""/J^^ 373. 374 and 376. The non-inverted 

are the gates 360,361,362. 363. M4J65 368,367.m^ 

output froin the gate 320 19 connected tc^aninvartingin^^^^^^ 
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input of each of thegates 364. 365and367.While, the non-invertedoutputfrom^^^^^^ 

inverting input of each of the gates 363 and 366 The non-mverted ou^^^^^^^ 
to another invertlna Input of the gate 363 and another inverting input to the gate 366. The non invenea 

5 S.?gateT6.The^on^nvertedoutputfrom 

'"*XrM7'ha9 Its inverted outputconnected to aninverting input on eachof the ga^^^ 
as?o^ni^Xlnputonanothergate380.Thenon^nvert^^^ 

JateS^lfcSed^otheinvertedoutputfrombothgatesaeea^ 
**H^I!l3B shovvs an identical drcuit interconnection for thegates 340.341.342, 343.344.^M^^ 

STnSfl input connected tothe non-inverted output of the gate are anda^^^^^^^ 
^n^rted to the inverted output of the driver 314 which is also connectedto an inverting Input of both the 
2B orSS andthe SrSat^^^^ 
SSinJ^r^SdJStSSS^^ 

ISputconneSedtoanlnvertlngJ^^PJ^^^^^ 

SSelSwhileathird inverting input to the gate 386 is connected tothenon-^^^^^ 

ill: rninmn eomorassor 1 1 1 input "Sx" is connected to an Inverting Input of another gate 388 connenea m 
c^T^neno^yene^X^A f ~m the driver 390 is connected to a second Inverting input of the gate 
^a^5 anTnlSSlnflZ^^^^^^ flats 398. The inverted output from the driver 391 "» """e^SL? 

'€s:^r ^^^^^^ 

input^anoS9ats3^^^^^^^^^ 
gateM4anS 

Snnecttd in commonand to an inverting Input of anothergate 392. another inverting input of t^^ 
55 and another inverting Input of the gate 396. • ....♦«#.„nth«rnate403a8V(«llastoan 

Inverting Input of another gate 407. The non-Inverted output from the gate 380 is tied to anomer invemng 
an^nSerSS^ut"^^ 

n^ri^ Gate 388 has Its non-Inverted output connected to another Inverting input of the gate 404 and 
l^^in^n^^^ Gate 389 has its non^nverting output connected to another Inverted 

65 Input of the gate 404 and another Inverting Input of the gate 407. 
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Column compressor 111 hasft8''S,B" input connected to another inverting input ofthe gate 403 and 
another inverting Input ofthe gate 404 as well as an inverting Input of anothergate 
TeTnrrteTouSEte from thegatemthegate393 and thegate^^ 
invertnglnputtoanotherdriver395.Theinvertedoutputfromthedriver395.sthe"Ec 
5 Tleinvertedoutputsfromthegates402.403 8nd4Mareconne«edr^^^^^^ 
driver 40S Driver 40B has Itslnverted output as the "Dc" outputfrom the CC 11 1. Gates 396 and 397 nave 
fht^rnSnvSrtedou^S^conn«^^ 

crneSthXertedouU^^ ,0 
10 rnSnvr^So^utfromthe'driverSSSisconnectedtoase^^^^^ 6ate399 « 

and400havetheirinvertedoutput8connectedtogethertoformthe ES <^u^^^ 
Gates 406 and 407 each have theirnon-inverted output connected toadifferentlnwrtn^^^^ 

4(» Tre inverted outputs from these gates 406 and 407 aare connected in common to an "^«'J"8 ^ 

Jno*er gSJJS. GaS410has a second Inverting input connected to the non-nver^ed °"jP';»fr°S»t?^^*'»' „ 
15;58Telnwrtedoutputofthedriver408lsel8Ooonnectedtoathirdinvertingmput^ 15 

o-J^BdM^Jl 0 have their inverted outputs connected together to become the "Ds" output for the CC 1 1 1 . 

'Se^SitofhiSfnC^^^ 
ap^areXS^a^eS^^ 

20 EaernSSSiTdirpi^^^^^^^^^^ 

latches Iw^^^" P~"«»»"B ?!f.'"*"i*" apparatus, and many different embodiments 

Illustrative and Shall not be taken In the limiting sense. 

CLAIMS 30 

30 

^'^'^toi'!S^Wm6«h.»l».aldplunimyofcolu™»»»-~«»"*l»rtom,.^ ^ 
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niustrate^d in, the accompanying diagrammatic drawings. jr/... it « 

13. Any features of novelty, taken singly or in combination, of the.binary multiplication circuit as 
hereinbefore described with reference to the accompanying diagrammatic drawings. 
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